RR Telescopii is the prototype of the symbiotic novae class. Since its outburst in 1944, it has been slowly fading, and its emission-line spectrum has evolved significantly. In this paper we discuss XMM-Newton observations of RR Tel taken in April 2009. These are the first X-ray high-resolution spectra of this system, and they provide important information about the physical conditions of the emitting gas. We have estimated the temperature and the luminosity of the hot star to be 154 kK and 5000 L , respectively, from the comparison of model atmospheres with the X-ray spectra. Normalisation of the models with the far ultraviolet flux leads to similar values. Both the shape of the low-resolution X-ray spectrum and the spectral diagnostics that make use of the emission lines present in the RGS spectrum indicate the existence of collisionally ionised gas. At least two components are present, with temperatures of ≈0.6 and 1.7 MK. The existence of a wind from the hot star is unequivocally confirmed by HST-STIS observations taken in 2000, which showed displaced absorption components for the N V 1240 Å and C IV 1550 Å doublets. These components have terminal velocities of the order of 400 km s −1 , which is consistent with the temperature of the gas detected in X-rays.
Introduction
RR Telescopii is one of the best-studied symbiotic stars. It is the prototype of the symbiotic novae class and, within this group, is the one showing the slowest evolution. Its outburst started in October 1944, when its visual magnitude was ≈14, and reached its maximum brightness at magnitude 7 more than one year later. It stayed at maximum during five years and then started to turn down. Nearly 70 years after the outburst, the system is still declining and is currently at visual magnitude ≈12 (from AAVSO lightcurve).
Already before the 1944 outburst, RR Tel was known to be a Mira variable (spectral type M5 III) with a period of 387 days. Based on this period, Whitelock (1988) estimated a distance to RR Tel of 2.6 kpc. This is the value commonly adopted. Nevertheless, there are indications that the absorption could have been overestimated in the past. Selvelli et al. (2007) used the intensity ratios of the He II Fowler lines to derive the extinction, obtaining a value of E(B − V) ≈ 0.00, while values previously adopted were in the range 0.08−0.10. This low reddening would place the system at a distance of 3.5 kpc.
The binary nature of RR Tel and the presence of a hot white dwarf in the system were established from the first International Ultraviolet Explorer (IUE) observations in the late '70s (Selvelli et al. 1979 ). This hot star ionised the extended envelope of the Mira, giving rise to a large number of emission lines in the optical and ultraviolet (UV) ranges. The orbital period of the system and the distance between the two stars both remain unknown at present.
The optical and UV spectrum of the system is extraordinarily rich, with emission lines spanning a wide range in ionisation and excitation, and has undergone remarkable changes over the years. Examples can be seen in Selvelli & Bonifacio (2000) and Selvelli et al. (2007) . Penston et al. (1983) made a thorough study of the IUE spectrum of RR Tel, where they identified more than 400 emission lines in the UV range. Harper et al. (1999) used HST Goddard High Resolution Spectrograph (GHRS) spectra to provide constraints to atomic data for O IV. More recently, using Space Telescope Imaging Spectrograph (STIS) and ESO Ultraviolet and Visual Echelle Spectrograph (UVES) spectra, Young et al. (2011) derived wavelengths for a large set of forbidden and intercombination lines, and Young (2012) 
identified up to nineteen O VI recombination lines.
Einstein and EXOSAT made the first detection of RR Tel in X-rays. Kwok & Lehay (1984) interpreted the Einstein observations as bremstrahlung emission from a gas with a temperature of 5 MK. The mechanism responsible for this high-temperature gas was ascribed to wind-wind interaction, i.e. the collision and consequent shock between the fast wind of the nova and the slow wind of the M5 III star.
The ROSAT observation of RR Tel obtained in 1992 was analysed in detail by Jordan et al. (1994) . The PSPC spectrum is dominated by a super-soft component. A fit to model atmospheres gave an effective temperature of 142 kK and a luminosity of 3500 L . These authors describe the presence of a harder, much weaker component, which is too faint to make a detailed analysis; they also speculated that it could be originated in shocks between the winds of the two stars. A&A 556, A85 (2013) Swift observations taken in 2007 confirmed the presence of the soft component at a flux level similar to that detected by ROSAT 15 years before (Ness et al. 2007) .
In this paper we describe the observations of RR Tel obtained in 2009 with XMM-Newton. A preliminary analysis of these data was presented in González-Riestra et al. (2012) . We now complement these observations with STIS spectra taken in 2000.
XMM observations and data reduction
RR Tel was observed in April 2009 (obsid 05511501) by all the instruments on-board XMM-Newton, including the Optical Monitor (OM). Details of the exposures taken with the X-ray instruments are summarised in Table 1 , and a similar summary for OM is found in Table 3 .
The XMM-Newton data have been reduced with the most recent version of the Science Analysis System (SAS 12.1) and with the most up-to-date calibration data as of September 2012. The observations were partly affected by background flares. These periods of high radiation were removed before analysing the data. Spectra from the EPIC-MOS cameras were extracted from a circular region of about 40 arcsec of radius around the target. For the three cameras, the background was extracted from a closeby circular region. The distribution of event patterns in the EPIC-pn data was found to be substantially different from the expected one, and the core of the point spread function was excised to minimise the effect of pile-up in the spectral analysis. The RGS and OM data were processed in a standard way. We discuss EPIC data in Sect. 3, RGS spectra in Sect. 4, and OM observations in Sect. 5. Table 1 gives the observed count rates in the three EPIC cameras in the range 0.2−2.0 keV. The spectra are shown in Fig. 1 . We attempted to model the XMM-Newton EPIC data with XSPEC. The fit was performed on spectra rebinned in order to oversample the full width half maximum of the energy resolution by a factor 3 and to have a minimum of 25 counts per bin. In addition, the spectral range was restricted to 0.2−2 keV for the three cameras, as the signal is extremely low at higher energies.
The XMM-Newton EPIC spectra
To account for the emission of the hot star, we used the nonlocal thermodynamic equilibrium (NLTE) stellar atmosphere models for hot stars described by Rauch (2003) 1 . This web provides grids of NLTE stellar model fluxes for hot stars with temperatures between 50 and 190 kK and surface gravities in the range log g = 5−9. In this case we have selected models with solar abundance and log g = 6.
1 http://astro.uni-tuebingen.de/~rauch/TMAF/TMAF.html The flux excess observed above ≈0.4 keV (see Fig. 2 ) indicates clearly that, in addition to stellar emission, a contribution from gas emission is present that should be suitably taken into account.
Nevertheless, we found that a single-temperature gas cannot reproduce the overall continuum shape of the spectrum. We then used a model with three components: the aforementioned atmosphere models, and two MEKAL plasmas which have different temperatures and are affected by different amounts of absorption (Fig. 2) .
The derivation of accurate parameters from the atmosphere models is made more difficult by the limited response of the EPIC camera in the soft energy range. For this reason we had to constrain some of the parameters of the fit beforehand. In first place, based on the values of the colour excess E(B − V) as derived from various authors (see Table 4 ), we could set an upper limit to the hydrogen column density of 6 × 10 20 cm −2 . Based on the values presented in the same table, the lower limit to the effective temperature of the hot star was set to 130 kK. The best-fit value of the temperature of the hot star is 154 kK, which implies (assuming a distance of 2.6 kpc) a luminosity of 5000 L . The best-fit column density is 2.8 × 10 20 cm −2
(equivalent to E(B − V) = 0.047 for a standard gas-to-dust ratio of 6 × 10 21 cm −2 mag −1 (Bohlin et al. 1978) ). We recall that Jordan et al. (1994) obtained values of N H in the range 1.7−3.1 × 10 20 cm −2 from ROSAT PSPC observations. The temperatures of the two plasmas are 0.04 and 0.07 keV (≈0.5 and 0.8 MK). The first one is the main contributor below 0.4 keV. The second one is required to reproduce the peaks around 0.6 and 0.9 keV, which correspond to the He-like triplets of O VII and Ne IX (see Fig. 2 ). These two plasmas are affected by additional absorption, with hydrogen columns densities of 1.7 and 6.4 × 10 21 cm −2 , respectively, both at least ten times higher than the interstellar column density. The emission measure of the two plasmas is 2 × 10 59 and 5 × 10 58 cm 3 , respectively, for a distance of 2.6 kpc, and their luminosities, correcting only for interstellar absorption, are 0.04 and 0.02 L , respectively, in agreement with the estimation made by Jordan et al. (1994) . Taking into account the absorption that affects each of the components, their intrinsic luminosities in the range 0.2−10 keV are approximately 20 and 70 L , respectively.
The RGS spectrum
The RGS spectrum of RR Tel is weak, with a count rate of 0.004−0.003 cts s −1 for RGS1 and RGS2, respectively. The difference in count rate between the two instruments reflects the fact that the main contributor to the overall flux is the O VII Helike triplet, which only appears in RGS1. No continuum flux is detected. The model derived from the EPIC data described above predicts a flux at 20 Å of ≈1×10 −15 erg cm
−5 RGS cts s −1 Å −1 , which is in good agreement with the observed 3σ upper limit of 5 × 10 −3 cts s −1 Å −1 . The strongest lines present in the spectrum, apart from the O VII triplet, are the Lyman α lines of O VIII, N VII, and C VI, along with the N VI triplet (Fig. 3) . Their wavelengths and intensities, the latter obtained through a fit with XSPEC, are given in Table 2 . Due to the low number of counts per bin, the C-statistic has been used 
ratio of H-like and He-like resonance lines.
for the fits. The background has not been subtracted but modelled together with the lines, which have been assumed to be Gaussian functions. None of the lines shows evidence for intrinsic broadening.
The He-like triplets are a powerful tool for the diagnostics of the ionisation processes in the plasma (see Porquet & Dubau 2000; Porquet et al. 2001 Porquet et al. , 2010 . The "R" ratio (ratio of the intensities of the forbidden and the intercombination lines) is sensitive to the electron density, and the "G" ratio (ratio of the intensities of the forbidden plus the intercombination lines and the resonance line) is sensitive to the electron temperature. In a purely photoionised plasma, the value of G is always larger than four. A strong resonance line (i.e. a low value of G) is indicative of the importance of collisional processes. A low value of R indicates a high electron density. The intensity of the resonance line in the two He-like triplets detected in the RGS spectrum of RR Tel is comparable to that of the forbidden line (Fig. 4) . This is a clear indication of the importance of collisional processes in the plasma (Porquet et al. 2010) . On the other hand, the intercombination line is extremely faint in both cases, so that only an upper limit to its intensity can be given.
The value of the G parameter is ≈1.0 for the O VII triplet, and 1.2 for the N VI triplet. Using the latest version of the CHIANTI database (v7.0, Landi et al. 2012) , the corresponding electron temperatures are 1.4 × 10 6 K for O VII and 5.0 × 10 5 K for N VI. The temperatures at maximum ionisation ratio for both ions are 9 × 10 5 K and 6 × 10 5 K. These two temperatures are in good agreement with those derived from the fit to the EPIC spectra.
Only a lower limit can be computed for R in both triplets, being >3.7 and >2.0 for O VII and N VI, respectively, which indicates that they are formed in a low-density region. Upper limits to the electron density are 7 × 10 8 cm −3 for O VII and 8 × 10 9 cm −3 for N VI. This result provides unambiguous evidence for the coexistence in RR Tel of a collisionally ionised plasma with the well-established low-density photoionised nebula (Hayes & Nussbaumer 1996; Young 2012) .
The OM UV data
RR Tel was extensively monitored with the IUE satellite during the period 1978−1995 (see e.g. Hayes & Nussbaumer 1996; Mürset & Nussbaumer 1994) . For reference, IUE fluxes in 1995 were 1.98, 1.22, and 2.16 × 10 −13 erg cm −2 s −1 Å −1 at the effective wavelengths of the UVW2, UVM2, and UVW1 filters, respectively.
XMM-Newton OM exposures were performed in parallel with the X-ray observations. The filters used were U (effective wavelength 3440 Å), UVW1 (2910 Å), UVM2 (2310 Å) and UVW2 (2120 Å). Details about the start time and duration of the exposures in each filter are given in Table 3 . In all cases the OM instrumental configuration was such that it allowed, apart form the imaging window, a small window in the centre of the field in fast mode, with a time resolution of 0.5 s. RR Tel was detected in all the four OM filters. Due to the brightness of the target, the coincidence loss corrections to the U and to some of the UVW1 observations are highly uncertain, and therefore these data are less reliable. Some of the exposures were lost due to instrumental problems. The fluxes obtained from the OM photometric measurements must be taken only as indicative, since the conversion from count rate to flux is made assuming a white dwarf-like spectral shape, and in the case of RR Tel the contribution of the nebular continuum and the emission lines is not negligible.
To make a more accurate comparison, we folded the IUE spectra through the OM filters response and we estimated the equivalent fluxes in the OM bands. The result is shown in The high time resolution light curves obtained through all the filters show some degree of variability. There is not any evident correlation between the UV and the X-ray light curves. This is not surprising, because at the wavelengths sampled by the OM UV filters the dominant contributor to the spectrum is the Balmer recombination continuum, while in the range 0.2−2 keV, Notes. Distance is in all cases assumed to be 2.6 kpc, except in the first one, where it is assumed to be 3.6 kpc.
(a) Temperature and extinction from fit to model atmosphere. Otherwise they are derived from fits to a blackbody. the spectrum is dominated by the emission from the hot star (see Fig. 6 ).
The spectral energy distribution of RR Tel
The spectral energy distribution of RR Tel from 5 to 3200 Å. is shown in Fig. 6 . In order of increasing wavelength, the data shown are:
-5−70 Å: XMM EPIC-pn "fluxed" spectrum (computed with the task efluxer of the XMM SAS), which is obtained from the count spectrum, taking into account the appropriate corrections for the energy redistribution and the effective area of the telescope, filter, and detector combination. This flux is model independent. -900−1200 Å: ORFEUS data taken in November 1996 (Krautter et al. 1998 ). -1200−3200 Å: IUE spectra taken in August 1995.
-XMM-Newton OM fluxes at 2120 and 2310 Å.
All the data have been corrected for interstellar absorption assuming N H = 2.8 × 10 20 cm −2 (see Sect. 3).
Also shown in the figure is a sample of the NLTE stellar atmosphere models for hot stars mentioned in Sect. 3, normalised to the ORFEUS flux at 1100 Å, where the contribution of the recombination continuum is still negligible. This figure does not show a formal fit, but it is just a qualitative representation of the spectral energy distribution of the system. Nevertheless, it provides some useful information: -The main contributor to the overall emission of the system in the X-ray/UV domain is the hot star, which dominates in the range ≈50−1200 Å. -At shorter wavelengths (shortward ≈30 Å), there is an excess flux that peaks at ≈20 Å. This emission was already detected by ROSAT (Jordan et al. 1994 ) and by Einstein (Kwok & Lehay 1984) , though the low sensitivity of the instrument did not allow the authors to make any detailed analysis. As shown in the RGS spectrum (see Fig. 3 ), the peak seen in the EPIC-pn spectrum at this energy is due to the O VII He-like triplet. -Longward 1200 Å, the contribution of the recombination continuum of the photoionised nebula starts to be important (see e.g. Nussbaumer & Dumm 1997 ). -The effective temperature of the hot star is certainly between 150 and 180 kK. Assuming a radius of 0.10 R , the normalisation of the models to the UV flux implies, for effective temperatures between 150 and 170 kK, distances in the range 2.7−2.8 kpc and luminosities between 4900 and 7400 L . If, on the other hand, we assume a distance of 2.6 kpc, the resulting luminosities range from 4600 and 6900 L and the corresponding hot star radii between 0.09 and 0.10 R . In particular for an effective temperature of 154 kK (see Sect. 3) and a distance of 2.6 kpc, the bolometric luminosity is 5000 L and the radius 0.095 R . 
Discussion

Consistency of the extinction derived from the X-ray spectrum with other determinations
Selvelli et al. (2007) obtained a quite low hydrogen column density (6.9 × 10 19 cm −2 ) from the fitting of the profile of the damping wings of the interstellar Lyman α absorption line in a STIS high-resolution spectrum. However, an accurate re-examination of the data has revealed the presence, previously unnoticed, of a wide and shallow emission component for the Lyman α line. Therefore, the observed profile is essentially useless for comparison with the theoretical one. We note, however, that a lower limit to the column density can be derived from the comparison of the width of the saturated part of the profile with the theoretical one calculated for a fully damped profile. The width of the saturated profile is very sensitive to the column density and, alone, represents a good criterion for its estimate. The observed width of the saturated profile (3.8 Å) corresponds to a lower limit of about 2.8 × 10 20 cm −2 . This value agrees very well with the column density derived from the fit to the X-ray spectrum (see Sect. 3) and would correspond to E(B − V) ≈ 0.047, assuming a standard gas-to-dust ratio of 6(±2) ×10
21 (e.g. Bohlin et al. 1978) .
However, the observed decrement of 20 recombination lines belonging to the He II Fowler series convincingly indicates that E(B − V) ≈ 0.00, a value confirmed by the STIS continuum energy distribution in the near UV region (Selvelli et al. 2007 ).
This apparently contrasting evidence can be reconciled if an anomalous gas-to-dust ratio towards RR Tel is present, associated with its large distance to the galactic plane (≥1.3 kpc) and/or if there is an extra contribution to N H by a circumstellar component.
The detection of wind signatures
As pointed out in Sects. 1 and 3, the hard X-ray component detected by Einstein and ROSAT was attributed by Kwok & Lehay (1984) and by Jordan et al. (1994) to bremsstrahlung emission from a high-temperature gas in the shock region, where the allegedly fast wind of the hot star and the wind of the M5 III star collide.
Hydrodynamical modelling of colliding winds in symbiotic systems predicts a warped thin shell, where the two winds collide and plasma temperatures up to 10 7 K are expected (Nussbaumer & Walder 1993; Mürset et al. 1997) . Unfortunately, the predicted X-ray emission is only an indirect evidence for wind collision, whose positive detection requires the presence of spectral features attributable to a wind, e.g. P Cygni profiles and/or violet displaced absorptions.
As extensively described by Nussbaumer & Dumm (1997) , detailed searches on IUE spectra taken from 1978 to 1992 for spectroscopic signatures of the expected fast stellar wind from the hot star gave negative results. These authors pointed out that the lack of detection was attributable to the limited dynamical range of IUE which did not allow the absorption components of very strong emission lines on top of a weak continuum to be observed. However, the same result was obtained from the examination of HST-GHRS spectra taken in 1995, whose signal in the continuum was much better. This negative result led Nussbaumer & Dumm (1997) to conclude that there was no trace of mass-loss from 1978 onwards. Clearly, the absence was difficult to reconcile with the proposed mechanism of production of hard X-rays by colliding winds.
However, careful examination of the STIS spectrum has led us to clearly detect the presence of these long-searched displaced absorption components in both the N V and the C IV resonance lines (see Table 5 and Fig. 7) . The displacement at the line centre corresponds to −300 km s −1 , while the terminal velocity is close to 400 km s −1 , in satisfactory agreement with the 500 km s −1 estimated by Jordan et al. (1994) . The lines have similar widths and similar profiles. A closer inspection of the absorption lines in the N V doublet, after a moderate filtering, actually shows the presence of two components separated by about 30 km s −1 . These features are sharp and nearly symmetric. The residual flux at the line centre is low but not zero, close to 10% of the continuum level.
We note that the outflow is not in the form of the classical P Cygni profile as observed in early-type stars and that there is A85, page 6 of 9 no physical association between the displaced absorption components and the emission components in the resonance lines of C IV and N V, which display a nearly symmetric profile and are of nebular origin. The absence of a typical P Cygni profile positively indicates that the wind phenomenology is far from that of a continuous outflow in a spherically symmetric, extended region. The displaced absorption lines observed in the STIS spectrum of RR Tel are evocative of the narrow, shortward displaced absorption components (DACs) observed in the resonance lines of the UV spectra of early-type stars and ascribed to a discontinuous, inhomogeneous loss of matter, which results in "puffs" of material ejected at irregular intervals (e.g. Lamers et al. 1978; Kaper & Henrichs 1994) .
In most cases the two phenomena of P Cygni and DACs co-exist, but there are cases in which only the sharp displaced components are observed. In a study of the symbiotic star AG Dra, Mikolajewska et al. (1995) reported that the N V 1240 Å line often displayed weak blue-shifted absorption components, suggesting a low velocity wind from the hot component at velocities of a few hundred km s −1 . Sekeráš & Skopal (2012) reported the presence of a sharp absorption component in the 1032 Å line in a FUSE spectrum of V1016 Cyg during a quiescent phase. This feature corresponds to an outflow with velocity of about −250 km s −1 . The presence of DACs in the UV resonance lines and of structured absorption troughs that come and go on short, aperiodic time scales has also been observed in the winds emanating from the accretion disk of cataclysmic variables in high state (e.g. Mauche 1991; Selvelli & Friedjung 2003) . Also, Orio (2012) reported that X-ray observations of novae and recurrent novae have shown that mass seems to be lost in "parcels" or discrete shells. In the case of RR Tel, the paucity of the data (one GHRS observation showing no wind, one STIS observation showing displaced absorption components) prevents any definite statement about the origin and phenomenology of the observed DACs.
An estimate for the plasma temperature in the shock can be derived from the terminal velocity of the hot wind v inf . Since the thermal energy per particle can not exceed the kinetic energy per particle in the wind (Mürset et al. 1997) , the simple relation
gives T ≤ 2.9 × 10 6 K (for v ∞ = 380 km s −1 ). A crude estimate of the ionic column density in the wind can be obtained from the equivalent width of the displaced absorptions and the relation
valid in the assumption of optically thin lines, which gives lower limits of about 1.4 × 10 14 cm −2 and 0.8 × 10 13 cm −2 for the column density of the N +4 and C +3 ions in the wind.
RR Tel still burning
Symbiotic novae like RR Tel represent a small subclass of the symbiotic stars (Mürset & Nussbaumer 1994) . The outburst mechanism in symbiotic novae is generally assumed to be similar to that of classical novae, i.e. a thermonuclear runaway (TNR) on the surface of a white dwarf, although it differs mainly for the slower outburst speed (Nussbaumer 1998) . In this context, RR Tel represents an extreme case of slow spectral evolution after outburst, with a timescale much longer than that commonly observed in classical novae. Our XMM-Newton observations have clearly demonstrated that the supersoft component still dominates the spectral energy distribution, about 65 years after the outburst of 1944. The presence of mass-loss signatures in the N V and C IV resonance lines is an independent confirmation that outflow from the white dwarf, a direct consequence of the outburst, was still going on at the time of the STIS observations. This behaviour is in contrast with that of classical novae, where the post-outburst supersoft X-ray emission, indicative of remaining H-nuclear burning, lasts a few years at maximum (see Hernanz 2012) . Mürset & Nussbaumer (1994) attributed the difference in the outburst behaviour to differences in mass accretion rates between classical and symbiotic novae: the higher accretion rate in symbiotic novae from the wind of the giant increases compressional heating and inhibits degeneracy in the accreted shell, and this eventually would lead to a slower outburst. We point out, however, that theoretical models of nova outburst (e.g. Yaron et al. 2005) predict that the white dwarf mass is the main parameter that rules the turn-off time. In classical novae, a slow spectral evolution is generally attributed to the presence of a low-mass white dwarf in the system and/or to inefficient mass-loss mechanism after outburst.
Based on the TNR models of Yaron et al. (2005) , we guess that the extreme slowness of the outburst of RR Tel should be primarily ascribed to the presence of an undermassive white dwarf (≤0.65 M ) in the system and not to higher accretion from the wind of the giant, as proposed by Mürset & Nussbaumer (1994) . Two well known recurrent novae, T CrB and RS Oph, have an M giant companion but are characterised by a very short duration of the outburst. These two objects are known to have a massive white dwarf that clearly determines the principal outburst characteristics.
If a low-mass white dwarf is indeed present in RR Tel, TNR models require the accumulation of a massive hydrogen envelope to trigger ignition, and, in the observational side, the presence of a moderate expansion velocity in the ejecta. As a matter of fact, Thackeray (1977) reported that the observed displacements in the absorption components were less than those for an "average" slow nova and considerably less than those of faster novae.
A rough calculation of the ejected mass can be obtained from the estimated radius of the nebula, 10 15 cm (Hayes & Nussbaumer 1996) . This radius, together with the assumption of a homogeneous shell with electron density N e = 3 × 10 6 cm −3 in the emission-line region (Hayes & Nussbaumer 1996) , provides a lower limit of ∼10 −5 M for the total mass of the ejecta. A more accurate determination of the mass of ionised hydrogen in the nebula can be obtained from the H β luminosity, L β = 1.42 × 10 34 erg s −1 , which is obtained from the H β flux measured in STIS (1.62 × 10 −11 erg cm −2 s −1 ), assuming a distance of 2.6 kpc.
By combining the two common relations
and
(where μ = 1.4 is the mean atomic weight and is the filling factor), one finds that the hydrogen mass of the nebula (independent of and R neb ) is
If N e ∼ 3 × 10 6 cm −3 (Hayes & Nussbaumer 1996) , one finally obtains that M neb ∼ 4.4 × 10 −5 M . Using the observed intensities of the λ 1640 and λ 4686 recombination lines, similar calculations for the mass of fully ionised helium give M He++ ∼ 3.5 × 10 −6 M . We note that a correction for reddening would have increased the line luminosities, and then these values should be considered as lower limits. A total envelope mass of about 10 −4 M is therefore indicated by the considerations of above.
Conclusions
We have analysed the observations of RR Tel taken with XMM-Newton in April 2009, which comprise high-and lowresolution X-ray spectroscopy and UV photometry.
In the UV, the comparison of the OM photometry with IUE spectra shows a gradual fading of the near UV flux, which is dominated by the recombination continuum of the nebula.
The emission in the X-ray spectral range is due to a main component arising from the hot white dwarf, and a second component due to the shocked gas within the system. While the first one had already been detected by ROSAT in 1992 and confirmed by a Swift observation in 2007, this is the first time that the shocked-induced gas emission has been studied in detail, as it was only barely detected with ROSAT.
We compared the supersoft emission with NLTE model atmospheres and we found that it is compatible with a hot star with solar abundances, a surface gravity of log g = 6, and a temperature of 154 kK. Assuming a distance of 2.6 kpc, the luminosity would be 5000 L . Following a different approach, that normalises the model atmospheres to the ORFEUS flux at 1100 Å, we arrive at a similar luminosity: 4600 L for a temperature of 150 kK.
Two plasma components are needed to explain the observed X-ray spectrum: one with kT = 0.04 keV, an emission measure of E.M. = 10 59 cm 3 , which is absorbed by a hydrogen column density of N H = 2.2 × 10 21 cm −2 , and a second one with kT = 0.11 keV, E.M. = 7 × 10 56 cm 3 , and N H = 4.2 × 10 21 cm −2 . Further information on the physical properties of the gas are provided by the high-resolution RGS spectra. Only a few emission lines are detected, but the He-like triplets of O VII and N VI clearly show that the X-ray emitting gas is collisionally ionised. The temperatures determined from the relative intensities of the lines in these triplets fully agree with those derived from the EPIC low-resolution spectra: 0.05 keV from N VI and 0.15 keV from O VII. The intercombination line is extremely weak in both triplets, thus allowing us to give only an upper limit to the electron density: 7 × 10 8 and 2 × 10 9 cm −3 from O VII and N VI, respectively.
Previous studies had failed to find spectroscopic signatures of the wind of the hot star. We have re-examined the existing STIS spectrum and found weak blueshifted absorptions in the N V and C IV UV doublets. The upper limit to the temperature of the gas in the shock, which was derived from the terminal velocity of the absorption lines (2.9 × 10 6 K, 0.25 keV), is fully compatible with the values obtained from the X-ray data.
The absence of typical P Cygni profiles indicates that the wind geometry is far from being spherically symmetric. The wind is not in the form of a continuous outflow of gas but likely in the form of a discontinuous, inhomogeneous ejection.
XMM-Newton observations have confirmed the presence and persistence of burning activity on the surface of the hot component for more than 65 years after outburst, as evidenced by the supersoft and hard components. To explain this long duration, A85, page 8 of 9 TNR models for the outburst necessarily require the presence of a low-mass white dwarf, which they associate with the presence a rather massive envelope and with outflow at moderate velocities. Direct and circumstantial evidences, based on STIS observations and historical data (e.g. Thackeray 1977 ), seem to confirm this picture.
